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Cardiac complications, including clinically suspected myocarditis, have been described in novel coronavi-

rus disease 2019. Here, we review current data on suspected myocarditis in the course of severe acute respi-

ratory syndrome novel coronavirus-2 (SARS-CoV-2) infection. Hypothetical mechanisms to explain the

pathogenesis of troponin release in patients with novel coronavirus disease 2019 include direct virus-

induced myocardial injury (ie, viral myocarditis), systemic hyperinflammatory response (ie, cytokine

storm), hypoxemia, downregulation of angiotensin-converting enzyme 2, systemic virus-induced endothe-

lialitis, and type 1 and type 2 myocardial infarction. To date, despite the fact that millions of SARS-CoV-2

infections have been diagnosed worldwide, there is no definitive proof that SARS-CoV-2 is a novel cardio-

tropic virus causing direct cardiomyocyte damage. Diagnosis of viral myocarditis should be based on the

molecular assessment of endomyocardial biopsy or autopsy by polymerase chain reaction or in-situ hybrid-

ization. Blood, sputum, or nasal and throat swab virology testing are insufficient and do not correlate with

the myocardial involvement of a given pathogen. Data from endomyocardial biopsies and autopsies in clin-

ically suspected SARS-CoV-2 myocarditis are scarce. Overall, current clinical epidemiologic data do not

support the hypothesis that viral myocarditis is caused by SARS-CoV-2, or that it is common. More endo-

myocardial biopsy and autopsy data are also needed for a better understanding of pathogenesis of clinically

suspected myocarditis in the course of SARS-CoV-2 infection, which may include virus-negative immune-

mediated or already established subclinical autoimmune forms, triggered or accelerated by the hyperin-

flammatory state of severe novel coronavirus disease 2019. (J Cardiac Fail 2021;27:92�96)
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CoV-2.
Cardiovascular complications (heart failure, myocardial

infarction, arrhythmias, myocardial injury with troponin

release) in the course of the novel coronavirus disease 2019

(COVID-19) have been widely reported.1 Case reports have

suggested that myocarditis may be another cardiac compli-

cation of severe acute respiratory syndrome novel coronavi-

rus 2 (SARS-CoV-2) infection. Although millions of

SARS-CoV-2 infections have been diagnosed worldwide,
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clinically suspected myocarditis seems to be relatively

uncommon. The diagnosis of myocarditis is challenging

due to a wide variety of clinical presentations; thus, a uni-

form approach to the diagnostic process should be fol-

lowed.2 According to current recommendations, the

definitive diagnosis of myocarditis is based on endomyocar-

dial biopsy (EMB) or autopsy.2 However, because data on

EMB or autopsy-proven myocarditis in clinically suspected

SARS-CoV-2 infection are inconclusive, in this review, we

summarize current data on this topic.

The European Society of Cardiology Definition of
Clinically Suspected Myocarditis

Most available reports on COVID-19�related myocarditis

did not follow established international definitions. According

to the European Society of Cardiology (ESC) consensus paper,

myocarditis should be suspected on the basis of specific clini-

cal and noninvasive diagnostic criteria.2 According to the defi-

nition of “clinically suspected myocarditis,” one or more of

the clinical presentations and one or more abnormalities from
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different diagnostic categories, including electrocardiogram,

troponin, noninvasive cardiac imaging (echocardiography,

ventriculography, or cardiac magnetic resonance), and tissue

characterization by cardiac magnetic resonance are needed.2

However, a definitive diagnosis of myocarditis is based on

EMB or autopsy using established histologic and immunohis-

tochemical criteria.2

Myocarditis can be caused by many infectious and nonin-

fectious agents and can also be the result of an autoimmune

process.2 Viral genetic material is found in up to two-thirds

of cases of myocarditis or dilated cardiomyopathy, and in

30% of cases multiple viral agents are identified.2 To reach

an etiologic diagnosis of infectious myocarditis, molecular

investigations (polymerase chain reaction or in situ hybrid-

ization) on myocardial tissue for common cardiotropic

viruses should be performed.2 Molecular analysis with

polymerase chain reaction for viral presence in the myocar-

dium should require investigation of both EMB specimens

and blood samples, because this technique is the gold stan-

dard to rule out the possibility of false positives.3
Incidence of Presumed COVID-19�Related
Myocarditis

COVID-19 predominantly affects the elderly, often with

comorbidities such as cardiovascular disease, which con-

trasts with the typical epidemiology of myocarditis which

clusters in children and young adults. The true frequency of

myocarditis complicating COVID-19 is impossible to deter-

mine. Using the search terms (“COVID-19” OR

“coronavirus” OR “SARS-CoV-2” AND “myocarditis” OR

“inflammatory cardiomyopathy”) (date of search May 20,

2020), we found 15 case reports and a few retrospective

cohort studies reporting cardiac complications of COVID-

19 (Table).4�18 Most of these reports have major limitations

and none of them showed biopsy-proven SARS-CoV-

2�positive myocarditis.

In the Table, we review the reports in relation to the ESC

2013 criteria. In the majority of patients, the predominant

clinical presentations were fever, cough and dyspnea,

whereas in clinical practice most patients have mild symp-

toms, mainly chest pain and/or signs of mild heart failure.

Although elevated level of biomarkers of necrosis and elec-

trocardiogram changes are commonly found in myocarditis,

they are not specific and cannot be used to diagnose myo-

carditis. In the reported COVID-19�related myocarditis

cases, 5 patients had either no echocardiographic changes

or did not undergo echocardiographic evaluation. Cardiac

magnetic resonance, the gold standard among noninvasive

imaging tools for the diagnosis of clinically suspected myo-

carditis,2,19 was performed in less than one-half of the

patients.4�18 Several descriptions of EMB or autopsies

have shown no signs of cardiomyocyte damage with SARS-

CoV-2 viral particles located in cardiac endothelial cells or

in cardiac infiltrating macrophages4�18; interestingly, 1

case met ESC diagnostic criteria for a biopsy-proven but

virus-negative and SARS-CoV-2�negative myocarditis.5
In an international multicenter study, autopsies were per-

formed in 21 patients with COVID-1920 and various forms

of myocardial injury were observed. In the majority of

cases, increased interstitial macrophages were present,

which may reflect underlying diseases and/or elevated sys-

temic levels of proinflammatory cytokines. Multifocal lym-

phocytic myocarditis was observed in only 3 (cases 14%).

The authors emphasized several limitations of the study,

including the fact that not all cases were sampled for histol-

ogy in the same manner and polymerase chain reaction for

virus in the myocardium was not performed. Therefore, the

study does not confirm a direct link between the SARS-

CoV-2 and myocarditis.20

Treatment and Outcome

In the analyzed cases, a significant clinical improvement

was observed in 9 of 13 patients (69%) for whom data were

available; 3 died and 1 was still connected to extracorporeal

membrane oxygenation at the time of publication. Treatment

included corticosteroids, intravenous immunoglobulin, anti-

viral treatments, or an anti�IL-6 agent (tocilizumab) alone

or in combination, although these agents have no proven ben-

eficial role in clinically suspected myocarditis.

To date, there is no evidence-based treatment for

COVID-19�related clinically suspected myocarditis; as a

consequence, patients should be managed according to stan-

dard COVID and heart failure treatment protocols.2

Hypothetical Mechanisms of Cardiac Injury in
COVID-19

Manifestations of cardiovascular system involvement in

the course of COVID-19 such as heart failure, arrhythmias,

thromboembolism, and myocardial injury with increased

troponins and natriuretic peptides levels have been

reported.1,21�23 Potential mechanisms responsible for cardi-

otoxicity of the novel coronavirus are shown in the Figure.

A pathogenic mechanism that is often mentioned in the lit-

erature to account for cardiac involvement is the high

expression of the SARS-CoV-2 receptor, angiotensin-con-

verting enzyme 2 (ACE-2), in the lungs and heart.24 How-

ever, ACE-2 upregulation may also be protective against

angiotensin 2�mediated vasoconstriction and inflammatory

activation. A recently performed meta-analysis showed that

continuing ACE inhibitors or angiotensin 2 receptor block-

ers in patients with COVID-19 is safe and significantly

decreases the risk of severe disease and death.25 Thus, it

seems that although in principle an ACE-2�mediated effect

may exist, other mechanisms resulting from COVID-19 are

most likely responsible for myocardial damage.26 Another

possible explanation is the increased risk of plaque instabil-

ity and thrombosis owing to infection.27 Activation of the

inflammatory reaction may also be responsible for increased

blood coagulability.28

The recently reported endothelial cell infection (endothe-

litis) by SARS-CoV-2 seen in several organs, including the

heart, is notable.5,29 The concept of not only “endotheliitis,”



Table. Clinically Suspected Myocarditis*/Myocarditis Definition According to Criteria of the ESC Position Paper in Comparison With
Available in the Literature Clinical Cases of Suspected Myocarditis in the Course of COVID-192,4�18

ESC Criteria
15 Reports Highlighting Clinically Suspected
Myocarditis in Patients With COVID-194�18

Clinical presentation Nonspecific; mainly chest pain, palpitations or heart
failure presentation

Major symptoms: fever 60%, cough 53%, dyspnea
67%, chest pain (40%), arrhythmia (33%) includ-
ing recurrent ventricular tachycardia, multiple
PVCs, atrial flutter, atrial fibrillation or high-
degree atrioventricular block

Biomarkers of myocardial damage Lack of sensitive and specific biomarkers; troponin
is elevated in over one-third of patients; normal
values do not exclude myocarditis

Elevated levels of troponin (87%; 13/15) and natri-
uretic peptides (91%; 10/11) in most patients.

Cardiac imaging (echocardiography/CMR) Crucial imaging tool in initial diagnostic work-up.
No specific echocardiographic changes. Possible
echocardiographic abnormalities:

� Regional wall motion or global systolic and/or
� Diastolic abnormality and/or
� Ventricular dilation and/or
� Increased wall thickness and/or
� Pericardial effusion and/or
� Endocavitary thrombi.

Four of 14 patients had no echocardiographic
changes; the most common abnormalities were:
reduced LVEF, regional wall motion abnormali-
ties, increased wall thickness and chambers
diameter; additionally, a few patients had mild
pericardial effusion.

Tissue characterization (CMR) The gold standard among noninvasive imaging
tools.Possible CMR abnormalities:

� Edema and/or
� LGE of classical myocarditic pattern

CMR was performed in almost half (7/15) of the
patients: edema and late gadolinium enhancement
were observed in 2 and 6 patients, respectively.

EMB/autopsy The diagnostic gold standard—histologic, immuno-
logic, and immunohistochemical confirmation

EMB has only been performed in two cases, but
only one met the diagnostic criteria for a
virus-negative (and SARS-CoV-2 negative)
myocarditis.
**Several autopsy studies shown no signs of myo-
cardial damage33,34 or myocardial injury (lympho-
cytic or interstitial macrophages infiltrate) without
confirmed presence of SARS-CoV-2.20

CMR, cardiac magnetic resonance; COVID-19, novel coronavirus disease 2019; ECG, electrocardiogram; Echo, echocardiogram; EMB, endomyocardial
biopsy; ESC, European Society of Cardiology; LGE, late gadolinium enhancement; LVEF, left ventricular ejection fraction; PVCs, premature ventricular
contractions; SARS-CoV-2, severe acute respiratory syndrome novel coronavirus-2.

*Clinically suspected myocarditis:
if �1 clinical presentation and �1 diagnostic criteria from different categories:
if the patient is asymptomatic, �2 diagnostic criteria should be met,
the more criteria met, the higher the likelihood of myocarditis,
absence of angiographically significant coronary artery stenosis and other causes that could explain the syndrome.
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but rather “endothelialitis.” could be important. Endothelia-

litis involves not only endothelial cells infection, cell swell-

ing, disruption of intercellular junctions, and loss of contact

with the basal membrane, but also perivascular inflamma-

tion, lymphocytic infiltration, and microthrombi.30

Although the virus was detected in 1 case of cardiogenic

shock, mimicking fulminant myocarditis, on EMB viral par-

ticles were shown within macrophages, but not in cardio-

myocytes.4 In addition, immunohistochemistry showed

low-grade myocardial inflammation, no myocyte necrosis,

and no signs of vasculitis or thrombosis; interstitial fibrosis

was minimal, that is, there was no histologic confirmation

of active myocarditis.

It remains to be seen whether or not in selected geneti-

cally susceptible patients with COVID-19, myocyte injury,

regardless of the underlying trigger (infectious or noninfec-

tious), may initiate a secondary immunopathologic cascade

progressing to chronic inflammatory cardiomyopathy via

cell-mediated or autoantibody-mediated

autoimmunity.2,31,32 Alternatively, an already established

subclinical autoimmune myocarditis might be triggered or
accelerated by the hyperinflammatory state of severe

COVID-19.31,32 Further, various antiviral therapies tested

and used in SARS-CoV-2 infection are potentially cardio-

toxic; thus, drug-induced myocarditis may also occur.31,32
Conclusions

The hypothesis that SARS-CoV-2 causes viral myocardi-

tis or serves as a trigger event for immune-mediated myo-

carditis in selected susceptible patients is possible, but

should be definitively proven. So far, myocarditis is an

uncommon complication in the course of SARS-CoV-2

infection and there are still no data on EMB or autopsy-

proven myocarditis caused by this novel coronavirus. We

strongly encourage the use of the term “myocarditis” as

referring only to EMB or autopsy-proven diagnosis accord-

ing to ESC criteria.2 Otherwise, there will be an inaccurate

estimate of myocarditis incidence in COVID-19�based on

misdiagnosis.



Fig. The potential pathogenic mechanisms of cardiac injury among patients with SARS-CoV-2 infection. ACE-2, angiotensin-converting
enzyme 2; ANG II, angiotensin II; ROS, reactive oxygen species; SARS-CoV-2, severe acute respiratory syndrome novel coronavirus-2;
SIRS, systemic inflammatory response syndrome.
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